Semi-infinite diffusion couple arrangements between two condensed phases can be readily analyzed with the use of the electron beam microprobe analyzer to determine the composition profiles in the two end phases of the couple arrangement and in any intermediate phases that mey grow between the end phases. When the reactions at the interfaces are diffusion controlled, chemical equilibrium exists at each interface and each interfacial composition then corresponds to either a liquidus or a solidus composition, and these interfacial compositions, with the aid of microstructural observations, can be used in the construction of the stable and/or metastable equilibrium phase diagrams involving the end phases of the diffusion couple. This technique is applied to the study of phase equilibria in the Si0 (3) (4) (5) (6) l~er is dependent upon the growth rate of the corresponding phase.
chemical equilibrium exists at each interface and each interfacial composition then corresponds to either a liquidus or a solidus composition, and these interfacial compositions, with the aid of microstructural observations, can be used in the construction of the stable and/or metastable equilibrium phase diagrams involving the end phases of the diffusion couple. This technique is applied to the study of phase equilibria in the Si0 2 -Al 2 o 3 system.
INTRODUC'riON
Techniques of phase equilibrium studies :rney be grouped into two general categories: (i) static techniques, and (ii) Qynamic techniques. In static techniques a specimen is held at a fixed point in pressure-temperature-camposition space until equilibrium is achieved and subsequently analyzed to determine its equilibrium phase assemblage. The most commonly used analysis technique is based on microstructural observations of a representative crosssection after such a sample is quenched to room temp~rature. Dynamic techniques, on the other hand, are based on the measurement of anomalies in a physico-chemical property during phase transformations as one of the variables in the P-T-x space is continuously changed. 
• DIFFUSION COUPLE TECHNIQUE
When two phases of a binary system that are not at thermoQynamic equilibrium with each other are brought into contact and annealed at a sufficiently high temperature, atom mobility is enhanced, and the components of these end phases interdiffuse to achieve a state of chemical equilibrium. . (3) (4) (5) (6) l~er is dependent upon the growth rate of the corresponding phase.
Regardless of its thickness, however, each phase must exist in the diffusion zone in order to provide a continuous and monotonic chemical potential gradient throughout the zone. If diffusion transport is the rate controlling mechanism~ a local chemical equilibrium will exist at each interface, .and the motion of each interface will be proportional to the square root of annealing time. ( 3 ) These interfacial compositions, then, correspond to either a liquidus or a solidus composition ( 7 ) and can be used to construct the equilibrium phase diagram involving the end phases of the diffusion couple.
In a binary system, when a diffusion couple is annealed until the entire system attains equilibrium, a maximum of only two phases and one interface will remain if the overall composition of the couple corresponds to a twophase region or only one phase if the overall composition cqrresponds to a solution field. At this stage, the couple loses its significance since it then provides only the information that one would obtain from a single specimen treated by the static method of quenching. At intermediate stages (Figs. 1 and 2), when the couple still retains its semi-infinite features, the phase rule is satisfied only locally at each point. The couple then resembles an ensemble of specimens subjected to the static method of quenching along the entire system. The examination of a single diffusion profile, at a temperature, provides all the information needed for the system at that isotherm.
In a ternary system, the appearance of a continuous interface in a diffusian couple represents an invariant region as represented by the three-phase (Fig. 5A) , only alumina in the couple that was cooled 8 relatively slowly (Fig. 5C) , and alumina and mullite in the couple that was cooled at a moderate rate (Fig. 5B) . Since the liquidus composition at the "' peritectic temperature is 52.3 wt% Al 2 o 3 , "'350 ~ of the diffusion zone adjacent t0 the sapphire would experience some alumina precipitation during an equilibrium cooling (Fig. 4) . The absence of alumina in this portion of the diffusion zone of a quenched couple (Fig. 5A ) and presence of alumina in a slowly cooled couple ( and 5B and corresponds to the profile at 1903°C since long range diffusion effects during cooling are negligible.
SUMMARY AND CONCLUSIONS
The diffusion couple technique when utilized in conjunction with microstructural studies is useful in determining not only the stable equilibrium 
